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（0.5 A/g），比电容为 1284 F/g，电流密度增加 120 倍时，比电容降低至 590 F/g；
在 20 A/g 时进行循环性能测试，1000 次循环后比电容保留 84.6%，2000 次循环
后保留 76.5%，其库伦效率基本都大于 98%。 
将纳米 C 纤维放入一定浓度 KMnO4 溶液中进行油浴反应，制备得到 MnO2 / 
C 纤维纳米复合材料，油浴反应时间对复合材料的组成和形貌至关重要从而影响
其性能。反应时间分别为 2、4 和 6 h 制备的样品中，4 h 的 MnO2 / C 样品综合性
能优异，当电流密度由 0.5 A/g 增加 20 倍时，比电容从 753 F/g 变为 405 F/g，在
5 A/g 时进行循环性能测试，2000 次循环后比电容保留 78.8%，2、4 和 6 h 的样
品在循环 1000 次后，比电容保留分别为 81.5%、84.5%和 86.6%。 
制备了三种不同结构的 NiCo2O4，分别为水热合成得到的不含 C 的 NiCo2O4、
水热得到的 NiCo2O4 @ C 和静电纺丝方法得到的 NiCo2O4 & C。在 1 A/g 电流密
度下充放电时，NiCo2O4含量为1、2和3 mmol的NiCo2O4 & C比电容分别为1136、
1451 和 1498 F/g，电流为 20 A/g时，含量为 2 mmol 的 NiCo2O4 & C 比电容为 1321 
F/g，在 10 A/g时进行循环性能测试，循环 1000 次后，材料比电容增加至 784 F/g，



































Compared with traditional electric energy-storage devices, such as capacitors and 
batteries, supercapacitors attracted a great deal of attention for its high specific 
capacitance, quick charge-discharge rate, perfect cycle performance and friendliness 
to the environment, making it possible to bridge the gap between power density with 
energy density. Materials used for supercapacitors mainly include carbon materials, 
transition metal oxides and conducting polymer. Transition metal oxides own much 
higher theoretical specific capacitance than carbon materials for their different 
mechanism of charge storage, but poor conductivity and low mass-ratio active 
material which undergoes redox reaction and stores energy make lots of performance 
loss. Fabricating composites that combine transition metal oxides with carbon 
material is an effective method to achieve good electrochemical performance.  
In this thesis, good-morphology composites of Co3O4 / C nanofibers, MnO2 / C 
nanofibers, and NiCo2O4 / C nanofibers were successfully fabricated by electrostatic 
spinning, hydrothermal method and oil bath method, whose electrochemical 
performances were tested and analyzed. 
Co3O4 / C nanofibers composite in which the Co3O4 nanoparticles insert into the 
C nanofibers randomly was successfully fabricated by electrostatic spinning, 
possessing good electrochemical performance. The specific capacitance of this 
material was 1284 F/g when the charge-discharge current density was 0.5 A/g, and the 
specific capacitance can still maintain 590 F/g even when the current density 
increased 120 times to 60 A/g, indicating the good rate capability. The coulombic 
efficiency calculated by the ratio of discharge time with charge time was greater than 
98% when the current density was above 8 A/g, indicating the high efficiency of 
charge and discharge. The cycle performance was tested at the current density of 20 
A/g, showing that the specific capacitance can maintain 84.6% and 76.5% after 1000 
and 2000 cycles, respectively. 
















covered with transition metal oxides MnO2, was successfully fabricated by oil bath 
method, immersing C nanofibers fabricated by electrostatic spinning into 0.5 M 
KMnO4 solution and reacting at the temperature of 90 ℃. This thesis studied the 
influence of the reacting time on the electrochemical performance of composite, and 
found that 4-hours reacting time was the best choice. The specific capacitance of this 
material was 753 F/g when the charge-discharge current density was 0.5 A/g, and the 
specific capacitance can maintain 405 F/g when the current density increased 20 times 
to 10 A/g, indicating that something needs to be done to improve the rate capability. 
The coulombic efficiency of MnO2 / C nanofibers composite was high enough to 
fulfill our expectation, nearly 97% at almost all current density range. The cycle 
performance was tested at the current density of 5 A/g for 1000 cycles, showing that 
the specific capacitance of those composites whose reacting time were 2 h, 4 h and 6 
h can maintain 81.5%, 84.5% and 86.6% respectively. 
NiCo2O4 / C nanofibers composites with three kinds of microstructure were 
successfully fabricated, including NiCo2O4 (fabricated by hydrothermal method), 
NiCo2O4 @ C (fabricated by hydrothermal method) and NiCo2O4 & C (fabricated by 
electrostatic spinning). NiCo2O4 & C was found to be the best one with specific 
capacitance of 1136, 1451 and 1498 F/g when the content of NiCo2O4 is 1, 2 and 3 
mmol, respectively, at the charge-discharge current density of 1 A/g. The specific 
capacitance of 2 mmol NiCo2O4 & C can maintain 1321 F/g when the current density 
increased 20 times to 20 A/g. Cycle performance was tested at the current density of 
10 A/g, showing that the specific capacitance remained 104.4% (784 F/g) after 1000 
cycles, 101.1% after 2000 cycles and 97.5% after 2600 cycles. 
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俄罗斯的 REVA、美国的 USABC），并且制定国家发展计划。从 20 世纪 90 年代
开始，超级电容器被应用于混合动力汽车中，至今，其已经实现了产业化，并出



































     
 
 
图 1.1 不同电能存储器件比电容和比功率的 Ragone 图[1] 
Fig. 1.1 Ragone plot of specific energy against specific power for various electrical 
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